
Augmented Reality and Proxy Grippers Improve
Demonstration-based Robot Skill Learning

Carl Mueller
Univ. of Colorado Boulder
Boulder, Colorado, USA
carl.mueller@colorado.edu

Matthew B. Luebbers
Univ. of Colorado Boulder
Boulder, Colorado, USA

matthew.luebbers@colorado.edu

Aaquib Tabrez
Univ. of Colorado Boulder
Boulder, Colorado, USA

mohd.tabrez@colorado.edu

Bradley Hayes
Univ. of Colorado Boulder
Boulder, Colorado, USA

bradley.hayes@colorado.edu

Abstract—Learning from Demonstration (LfD) is a powerful
approach that allows novice users to teach robots new skills.
However, the quality of user-provided demonstrations is a crucial
factor in determining the performance of the learned skill. Poor
demonstrations may result in poorly performing learned models,
leading to unsafe robot execution and reduced trust. Existing
modes of demonstration, such as kinesthetic teaching or teleop-
eration, have specific advantages and shortcomings that make one
preferable over the other depending on the context. For instance,
kinesthetic demonstration offers accurate skill representation but
can be challenging for untrained users and entirely infeasible
for certain robot types or environmental contexts. In contrast,
teleoperation does not rely on physical manipulation, expanding
the scope of use cases, at the cost of being unintuitive for
complex, high degree-of-freedom robots, potentially resulting in
poor demonstrations. To address this tradeoff, we propose a novel
demonstration input method, extending the recently proposed
instrumented tongs technique, wherein a tracked pair of tongs
is used by the human demonstrator to serve as a proxy for a
robotic end-effector. We combine this method with an augmented
reality (AR) interface to visualize and obtain live assessment on
what the robot is learning from the provided demonstration, in
essence introducing the real-time feedback benefits of physically
manipulating a robot to an input method which does not suffer
from the ergonomic and feasibility drawbacks of kinesthetic
demonstration. We provide a detailed description of our novel
demonstration input system and its intended capabilities. Finally,
we propose a human-subjects study to evaluate the effectiveness
of our method on practically grounded robotic applications, such
as mailbox delivery, glue tracing, and stacking.

Index Terms—Learning from Demonstration, Augmented Re-
ality, Robot Learning, Human-Robot Interaction, User Interfaces

I. MOTIVATION

Learning from Demonstration (LfD) methods enable users
to teach robots through demonstration, without requiring
programming expertise. This approach provides a flexible
and adaptable mechanism for robot control, making it suit-
able for use in dynamic or human-centric environments [1].
However, the quality of demonstrations provided by users
is highly impactful on the performance of learned skills.
Existing demonstration methods, such as kinesthetic teaching
and teleoperation, have specific benefits and drawbacks that
make them more or less appropriate for specific applications
[2]. Kinesthetic demonstration excels in skill representation
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Fig. 1: The ARPOC-LfD system integrates teleoperated instru-
mented tongs, serving as a surrogate for a robotic end-effector
during demonstrations, with an augmented reality-based inter-
face. This interface allows users to visualize in real-time how
a virtual robotic agent would execute the demonstration as if
it were an actual robot, using online pose optimization to offer
self-correcting feedback, thereby enhancing the quality of the
demonstration data.

but faces challenges in certain physical situations, while
teleoperation bypasses physical interaction but may struggle
with complex robots. To address these issues, we propose a
novel method that combines the benefits of both kinesthetic
and teleoperation-based demonstration methods by leveraging
instrumented tongs (a teleoperation device serving as a proxy
for the robot end-effector) and an AR-based interface. We call
this method Augmented Reality-based Pose Optimization for
Constrained Learning from Demonstration (ARPOC-LfD).

The mode of interaction chosen for an LfD system plays
a critical role in capturing the intended goals of the human
demonstrator, affecting the quality of the demonstration and
the fidelity of the learned models. Furthermore, for successful
human-robot collaboration, robots must be able to adapt to
changes in the environment and incorporate human prefer-
ences when necessary [3], [4]. Making these input methods
more accessible and user-friendly to end-users is necessary to
ensure the safe and effective deployment of robots in real-



world environments [5], [6]. By improving the quality of
demonstrations and enhancing the robot’s ability to adapt to
changes in the environment, LfD methods can enable more
robust, generalizable, and safer learning models.

Towards these end goals, ARPOC-LfD enables users to
generate demonstration trajectories using instrumented tongs
as a stand-in for the robotic end-effector without the traditional
uncertainty introduced by the correspondence problem, while
AR holograms of the robot are closely tracked within the user’s
visual field (see Figure 1). This approach overcomes chal-
lenges in teleoperation by providing real-time, in-environment
visualization of how a virtual robotic agent would track the
end-effector, similar to kinesthetic demonstration. Through
AR visualization, ARPOC-LfD improves the transparency and
adaptability of teleoperation devices such as instrumented
tongs, allowing users to assess the quality of a provided
demonstration, accepting or rejecting demonstration data after
replaying it post-task.

The core contributions of this work are as follows:
• An online feasible pose-optimization system that targets

user-supplied end-effector poses provided by an instru-
mented tong device to generate real-time pareto-optimal
robot configurations.

• An augmented-reality-based interface that provides users
with a visual hologram of a robotic agent that tracks the
instrumented tongs as they provide a demonstration in
real-time.

• A post-task AR visualization of demonstrated trajectories
that allows users to accept or reject the demonstrations.

• A proposed human-subject study evaluation of the
ARPOC-LfD system involving real-world, practically
grounded robotic manipulation applications.

II. RELATED WORK

A. Robot Learning from Demonstration

Learning from Demonstration (LfD) refers to a collection
of methods used to teach robots how to perform tasks by
observing human input [7]. The goal of demonstration is to
convey the nature of a skill to a robot in such a way that the
learned model closely resembles the latent ground truth model
held by the demonstrator [1]. In LfD applications, a human
user typically interacts with a robotic system by providing a
demonstration through one of many possible input modes, such
as kinesthetic demonstration. While the mode of demonstration
can vary, it is essential that the robot’s learned behavior
aligns with the intended task. After the user provides the
skill demonstration, the system learns the intended behavior or
model through one of the three broad classes of learning and
representation methods: plan learning, functional optimization,
or policy learning [8].

There are various modalities of human-robot interaction
(HRI) for robot skill learning, including passive observa-
tion, teleoperation, and kinesthetic demonstration. Kinesthetic
demonstration is a popular and widely used method of LfD
systems [2], [7], [9]. When performed correctly, kinesthetic

demonstration can provide a precise and accurate represen-
tation of the skill being learned [9], [10]. However, kines-
thetic demonstration may be challenging for novice users
who lack training, resulting in sub-optimal demonstrations
[2]. Additionally, there are many instances where kinesthetic
demonstration is not feasible (e.g., if the robot is large or
otherwise incapable of being physically manipulated, or if the
operational environment is too dangerous for humans)

Teleoperation is an alternative approach to kinesthetic
demonstration, which does not require physical manipulation
of the robotic agent but instead relies on a controlling device
[1], [11]. Teleoperation may not always provide an intuitive
means of controlling the robotic agent, especially for compli-
cated high-degree-of-freedom robot agents. A difficult-to-use
controller can result in poor agent behavior, as the user cannot
easily overcome the poor mapping of teleoperation inputs to
control outputs. In the context of LfD, this difficulty can lead
to poor demonstrations [2], [8] or be cognitively burdensome
to the operator during demonstration [12].

One approach to improving the effectiveness of teleoper-
ation is to use a proxy device that creates a more intuitive
mapping between the controller and the agent. For example,
Fang et al. [13] used a data glove as a proxy for the
end-effector, providing target points for the robot as a set
of demonstrations. Similarly, Praveena et al. [2] introduced
instrumented tongs that serve as a proxy for the end-effector.
These methods are intuitive for users as they use their own
hand to demonstrate, rather than physically manipulating the
robotic arm as in kinesthetic demonstration or attempting to
learn how to use a difficult controller.

The challenge with using data gloves or instrumented tongs
as a proxy for the end-effector is that control over the degrees
of freedom of the robot is no longer provided by the user,
making reliance on kinematics equations crucial for producing
agent configurations [2]. This approach only supplies pose
targets, which may present challenges towards generating
feasible agent configurations, especially given the redundancy
of high degree-of-freedom manipulator arms. ARPOC-LfD
addresses this issue by utilizing the online pose-optimization
framework CollisionIK [14] to generate robot configurations
in real time that maintain feasibility and avoid collision states.
During a demonstration, users generate pose targets, and the
optimization engine produces configurations that satisfy the
pose target, avoid collisions and joint limit constraints, and
comply with any included constraint terms. The integration
of task-space constraint terms allows for configurations that
closely adhere to task-specific constraints, improving the qual-
ity of demonstrations.

B. Augmented Reality within Robotics

AR interfaces are effective for scenarios where in-situ
visualization within the environment is desired [15]. Research
has demonstrated that augmented reality interfaces can signif-
icantly enhance human-robot collaboration by facilitating new
methods of enhancing robotic control [16]–[18], enabling safe
movement in shared spaces [19], [20], and promoting effective




